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An expression relating the pressure dependences of the resistivity and the mobile electron 
concentration is derived and used along with Hall effect and resistivity data to determine the 
pressure at which the semi metal-semiconductor transition occurs in Hg, __ x Cdx Te for x = 0.124, 
at low temperatures. The method is applicable in the presence of a resonant acceptor level. 
PACS numbers: 7l.5S.Dp, 71.30. + h, 72.15. - v 
I. INTRODUCTION 
It is not easy to determine the semimetal-semiconduc-
tor transition pressure at low temperatures in the presence of 
a resonant acceptor level, due to the variation in the energy 
of such a level with pressure. '-2 This variation can break the 
transition symmetry and displace the position of the mobil-
ity maximum away from it. However, it will be shown that 
this transition pressure can be determined if some conditions 
are fulfilled. 
II. METHOD 
The conditions mentioned above are low temperature, 
degenerate material, scattering by ionized impurities only, 
and the energy gap being near zero. Then 
(F) = er(F) 
11 m*(F) , 
where rtF) is the relaxation time, m*(F) the effective mass, 
I1(F) the mobility of the electron at Fermi levelF, and e is the 
electron charge. 
For a narrow gap semiconductor, the dependence of 
conduction band energy E on wave vector k is 
E = ! [ - Eg + (E; - ~ k 2Q 2)' /2] , (1) 
where Eg is the absolute value of the energy gap and Q is the 
matrix element of momentum. 3 
From Eq. (1), we can calculate the density-of-state func-
tion N (E) and, consequently, the electron density n: 
n = f N(E)f(E)dE, (2) 
wheref(E) is the Fermi-Dirac distribution function. 
Thus, we have for the degenerate case, at low tempera-
tures, 
n2 /3 = k,F(Eg + F), 
where 
k =(~)2/3 
, 4~Q3 ' 
(3) 
and Fis the Fermi-level energy. We define the effective mass 
by 
1 dE 
--
m* fzk dk 
Thus, at Fermi level we have: 
m* = k2(Eg + 2F), 
where 
3fz2 
k2= --. 
4Q2 
With Eqs. (3) and (4) we find: 
(4) 
(5) 
Using Zawadzki's notation4 for the electron mobility in 
case of ionized impurity scattering, we have 
31T cfz3 1 
11, = 27 (m*fF, ' (6) 
where € is the dielectric constant andF" as defined in Eq. (3), 
is a function of 
with 
n'/3 
5=k3-, 
m* 
_ (3 )'/3 €fz2 k3-~ - -2' 
1T e 
(7) 
As we approach the semimetal-semiconductor transi-
tion, the effective mass m* in Eq. (7) becomes very small 
compared to that of HgTe and thus we expect 5 to be much 
larger than for HgTe (where 5> 10),5 supposing that n' /3 is 
of the same order of magnitude for both cases. We can thus 
approximate F, by 
(8) 
Experimentally, we can measure the resistivity p and 
electron density n of a sample as function of pressure P. 
Thus, we look for a relationship between these parameters 
and the transition pressure P,. SO, from the expression 
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we obtain 
~ ap = _ ~ a,u] _ ~ ~ 
p ap PI ap n ap 
Now, from Eq. (6), we have 
(9) 
~ af-ll = ~ ( af-ll ~ + ap] aFI + af-ll aEg ). 
PI ap PI an ap aF] ap aEg ap 
(10) 
From Eqs. (5), (6), and (8) we can easily calculate all the 
derivatives which appear in Eq. (10) and show that, at the 
semi metal-semiconductor transition (where Eg = 0), we 
have 
af-ll = 2 f-ll 
an - 3-;' 
aFI =0 
ap , 
af-ll = o. 
aEg 
So, under these conditions from Eq. (10) we obtain: 
1 af-ll 2 an 
--=---, 
f-ll ap 3n ap 
and from Eq. (9): 
1 ap 1 an 
-- = - -- (11) 
P ap 3n ap 
Hence under the conditions stipulated previously we 
are able to determine the transition pressure through rela-
tionship (11). This is important because both P and n are 
easily measurable as functions of P. 
III. EXPERIMENT 
The measurements of Hall coefficient (R h ) and magne-
toresistivity (Ph)' were made between 4.2 and 300 K at mag-
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netic fields of 0.023 and 0.8 T. The material is Hg, _ x Cdx Te 
with x = 0.124 ± 0.004, and the hydrostatic pressure was 
varied in the range 0-6 kbar. Figure 1 gives the Rh values as a 
function of 103/T, T being the temperature, at the different 
hydrostatic pressures. We can see the degenerate character 
of the material at low temperatures. For this sample Rh and 
Ph are magnetic field independent in the range of tempera-
8J 3.0 r---------------., 
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FIG. 2. nand p as functions of P at 4.2 K. 
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tures utilized. 
In Fig. 2, we plot n andp as functions of pressure at 4.2 
K and in Fig. 3, l/ p Jpl JP and - l/3n Jnl JP as a function 
of Pat 4.2 K. 
Thus, we determine the transition pressure as given by 
Eq. (11). We find PI = 6.3 kbar. 
The variation of energy gap with pressure for this sam-
ple was determined near room temperature, where it is in-
trinsic. Near this temperature, since the sample is degener-
ate, the electron and the hole concentrations are given by 
n = l/(eR h ). Since the Fermi-level energy can be known 
from the hole concentration value, Eg can be calculated by 
the integral Eq. (2) at a given temperature and pressure. 
Keeping the temperature constant and varying the pressure 
P, we can calculate Eg(P) and dEgldP at a fixed tempera-
ture. h 
IV. DISCUSSION 
The method to determine PI is useful only if the initial 
assumptions are satisfied. 
Our analysis was made at 4.2 K, which satisfies the 
condition of being a low enough temperature. As we saw, the 
degenerate condition is satisfield. The gap of the material is 
not far from zero for the value of x utilized. Finally, the 
variation of Fermi level with pressure, indicates that it is 
near the acceptor level. So, we can suppose that the scatter-
ing by ionized impurity center is the most important mode of 
scattering. 
As a consequence of the above consideration, we can 
expect a good result from our analysis. In order to verify this, 
we calculate the energy gap by the formulae given by Schmit 
and Stelzer7 and Wiley and Dexter8 for a given valueofx and 
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FIG. 3. 1!p ap/ap and - 1!3n an/ap 
as functions of P. 
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temperature. At 4.2 K we find for Eg , - 50, 6 ± 6 me V and 
61.6 ± 7 meV, respectively. These values should be com-
pared with the value - 63 meV calculated from transition 
pressure PI and assuming dEgldP = 10 meV Ikbar (found 
near room temperature) as the coefficient of pressure at 4.2 
K. 
This assumption should not introduce a large error be-
cause the variation of dEgldP with the temperature is very 
weak9 and, usually, smaller than the experimental uncer-
tainty. 
V. CONCLUSION 
From the experimental values ofn andp as a function of 
pressure, we were able to calculate the semimetal-semicon-
ductor transition pressure for a sample of Hg] _ x Cdx Te. 
The value found agrees quite well with that expected from 
empirical formulae for the energy gap. Nevertheless, we 
think that the method utilized here is more accurate than the 
calculation of energy gap by empirical formulae because of 
the known inhomogeneities of Hg 1 _ x Cdx Te. 
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